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OF SRP WASTE GLASSES USING FRIT 131

Introduction and Summary

Several physical properties of SRP waste glass which are

important for melter design have not been determined experi-

mentally. ‘-In this report, the heat capacity, thermal conduc-

tivity, density, and refractive index are detailed for the

various types of waste (ie. Composite, High-Fe, and High-Al)

plus frit 131. Included is a discussion of the calculation

methods and a listing of waste compositions in both weight and

mole percent.

Discussion and Results

Composition

Tne composition of SRP synthetic waste and of frit 131 are

specified in DPST–80-607 (John Plodinec, 10/24/80)1. From these,

b
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the glass compositions were calculated in both weight percent

and mole percent. It was assumed that all of the coal in the

sludge would be burned and removed as off-&as, ana that the

molecular weight of decomposed Zeolite was the same as the

average molecular weight of the glass. (This led to a simple

trial and error solution where the average molecular weight

I is assumed. ) The following formula apply

I. For weight fraction.

Basis = 100g. of frit + sludge.

Xa = (Yrzaf + Ysza,) (1)
(1.0 - 1.0 (Y5)(ZCS))

where:

Xa = weight fraction of compoe.nnt a in glass.
?“
.

Yf =
weight fraction of frit in glass.

?,
Y~ = weight fraction of sludge in glaS5.

z
af ‘

weight fraction of component a in frit.

z weight fraction of component a in sludge.as..=

z= weight fraction of coal in sludge.Cs

II. For mole fraction:

Basis : log of glass.

,,

,,

NT
~i=—

‘t

Ni = log (:)

(2)

(3)
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‘t =

ni ‘

Ni =

Nt =

xi =

n=

omponent

.-

SiOz

B20a

Na20

‘“LizO

CaQ

Mg o

TiOz

LazOS

ZrO~

Fez03

MnOz

ZeOlite

A1203

NiO

Na2SOq

n xi
z— Ni

i.~
(4)

mole fraction of component i.

moles of i in one gram of glass.

total moles in one gram of gless.

weight fraction. of component i in glass.

total number of components.

TABLE I . COPlpOSITIG]iS OF SRP WASTE GLASS

Comwosi

J.t..+:rae

0.422

0.104

0.134

0.040

0.011

0.014

0.007

0.004

0.004

0.142

0.041

0.031

0.029

0.017

0.002

? (TDS-3A)

.Mole.Frac..

0.4670

0.0990

0.1440

0.0890

0.0130

0.023

0.0058

0.0008

0.0022

0.0592

0.0314

0.0299

0.0192

0.0151

0.00937

High

.-hi.t....Erac..

0.418

0.104

0.143

0.040

0.012

0.014

0.007

0.004

0.004

0.177

0.012

0.029

0.004

0.030

0.002

on

+Ole..Frac....

0.466

0.1001

0.1546

0.0897

0.0143

0.0230

0.0059

0.0008

0.0022

0.0743

0.0093

0.0290

0.0026

0.0269

0.0009

Hig

il.t..,–Frac

0.423

0.104

0.140

0.040

0.003

0.014

0.007

0.004

0.004

O.OQ1

0.034

0.031

0.148

0.006

0.002

- Al.

..Mole-Fra(

0.4596

0.0975

0.1474

0.0874

0.0035

0.0227

0.0057

0.0008

0.0021

0.0168

0.0255

0.0302

0.0948

0.0052

0.0009



. . .
. , ,)

,,

.

?,

,!

J. A. Kelley -4- DPST-80-72Q

Heat Capacity

Several methods for estimating the heat capacity of

glasses are available. 2 Of those considered, the method of

SC- and Gunthner was chosen due to it’s wide tem~erature

range (O to 1300°C) anti itis high accuracy. Agreement of

i 1 % is common if factors are available for all of the com-

ponent oxides. Unfortunately, only 94% of the waste glass

could be considered. The method is sumiiarized below.

c
p mean. ‘

c
p true =

a=

(“at,+c
)

o.oo146t + I

at+C
(

p mean
)

o.oo146t + I

n
E C.x.

11
c= i=l

n
x xi
i=l

(5)

(6)

(7)

(8)

“?
\
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l,,~ere:

c Mean heat capacity referenced to O°C
D mean =

cal
(—)
gm’c

c . True heat capacity ( cal
D true —)

gm°C

t= Temperature, 0 C

xi = weight fraction of component i.

ai&c. = factors for compone~t i.1

n= number of oxides for ?Jhich factors are

available..—.

Values of ai & ci are listed in Appendix A. Using

equations 5 - 8, values of CD mean and C were calcu-
P true

lated. They are presented i; Table 2.

Density
..

me densities of SRP wastes have been measured at low

temperature. 3 : In addition, the linear expansion has been

mess-ured up to the ‘Tmelting point!! of the glass.” Figures

1–3 show this expansion as a function of temperature. The

1 DLlinear coefficient of expansion is defined as a = ~ .

From the graphs, it is evident that u is nearly constant in

the low temperature range, and then takes a sharp increase

at approximately 450 C. This point is called the transition

temperature, Tr, and is given on the plotsas GTT. Past Tr,

a is again constant. The “tail” in Figures 1-3 is due to

the inability of the dilatorieter to operate with molten sam.–
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TABLE 2. HEAT CAPACITIES FOR SRP WASTE GLASS WITH FRIT 131

~emperature0(

o

100

200

300

400

500

600

700

800

900

950

1000

1025

1050

1075

1100

1125

1150

1175

1200

1250

1300

CompositeTDS-3A

c Cal

pmWoc

0.186

0.213

0.234

0.251

0.264

0.276

0.285

0.293

0.300

0.307

0.309

0.312

0.313

0.315

0.316

0.317

0.318

0.319

0.320

0.321

0.323

0.325

Ca 1c_
Pt ~oc

0.186

0.237

0.271

0.296

0.314

0.328

0.338

0.346

0.353

0.359
0.361

0.363

0.364

0.365

0.366

0.367

0.368

0.369

0.369

0.370

0.372

0.373

High-Fe I

cpm

0.168

0.198

0.221

0.239

0.254

0.267

0.277

0.286

0.294

0.301

0.304

0.307

0.308

0.309

0.311

0.312

0.313

0.314

0.316

0.317

0.319

0.321

“pt

0.168

0.224

0.262

0.289

0.309

0.324

0.335

0.345

0.348

0.j58

0.361

0.363

0.364

0.365

0.366

0.367

0.368

0.369

0.370

0.371

0.373

0.374

High-Al

c
pm

0.173

0.201

0.223
0.,2Q0

0.254

0.266

0.275

0.284

0.291

0.298

0.300

0.303

0.304

0.306

0.307

0.303

0.309
o.~1~

0.312

0.3:3

0.315

0.317

c
pt

0.173

0.225

0.261

0.286

0.305

0.319

0.330

0.339

0.346

0.352

0.354

0.356

0.357

0.358

0.359

0.360

0.361

0.362

0.363

0.364

0.365

0.366
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. pies. According to Dr. L. D. Pye of Alfred University, it

is reasonable to assume that a for the “liquid” glass is the

same as a for the “solid” glass above the transition temp-

erature. 5 This provides

density up to operating

a route for calculating the glass

temperatures, as outlined below.

1. Obtain u from thermal expansion piot. (a for To UP

to Tr = LOW CTE, a for Tr up to operating temperature

= HIGH CTE)

2. Calculate volumetric coefficient of expansion;

@m Z 3a

3:” Calculate the denisty at T = To + AT from:

Bm = ‘o2-P2 1

2pop AT
.

Where: p = Density at To
o

p = Density at T
-.

AT = (T-TO) “C

Sm = mean coefficient of volumetric expan-

sion, l/Oc.

The density is calculated up to Tr using P. ‘Pexpt and

a = LOW CTE. Past Tr, p is calculated using P. =Pr and

a = HIGH CTE. Unfortunately , data for high-Al and high-Fe

wastes are avaiiable only for 20% loading. Xowever, compa~ison

of expansion data for composite waste at 20% and 282 loading

shows a di~~erence of 5% in a for T<Tr; and 15% for T>Tr. In



* . .

J. A. Kelley

light of the small changes in

be neglected. The results of

in Table 3.

TABLE 3: DENSITIES

7

-6- DFST_~O_7Z4

density, this difference may

these calculations are given

OF SRP WASTE GLASSES

Tsll?. ‘c TDS-3A g/cm3 E$gh Fe 8/cm3 High Al gm/cm3

20 c 2.750 2.820 2.60

100 2.743 2.813 2.593

200 2.735 ‘“ 2.804 2.585

300 2.’726 2.795 2.577

Qoo 2.718 2.786 2.569

% Tr z 450 2.713 2.781 2.565

500 2.672 2.721 2.520

600 2.575 2.607 2.432

700 2.481 2.499 2.348

800 2.391 2.396 2.266

900 2.305 2.298 2.188

1000 2.223 2.204 2.113

1025 2.202 2.181 2.094

1050 .. 2.183 2.159 2.076

1075 2.163 2.137 2.058

1100 2.143 2.115 2.040

1125 2.124 2.093 2.023

1150 2.105 2.072 2.006

1175 2.086 2.051 1.988

1200 2.068 2.031 1.971

* Since Tr is different for eac”n type, its exact value is

ofitfiedin this table. See Figures l-~ for listings.

(under GTT=)
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index of Refr’zctfon

Tne refractive index

is bent

defined

rlA

when passing

as

sin el.

-12- ~psT_8G-~2Q

is a measure of’the degree to which light

through z material. It is rigorously

(12)

~>.
Zndex of refraction for light at a wave

length of X.

81 = angle between

92 = angle between

incident beam and a normal Plane

refracted beam and a normal

plane. (See Figure 4)

-. F.IGUP3~

~ is generally a weak function of k and a very weak function

of terlperature. (approximately 1% change over 1000°C)6

The method o? Fiuggins’ was used to estimate q for 53P

wasie glasses due to the fact that coefficients are available

for most components in s~p V:aste glass. The following formula

is used.
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‘D =1+

n

(13)

n
z ‘i

i=l

index of refraction at A = 486o ! *

weight fraction of component i

coefficient for component i (See Appendix A)

density of the glass

nuiiber of components for which factors are

available

The method iS complicated by the fact that B203 exists

in two forms, Bo4 (TETRA) and Bos, and nDi is different for

each. The ratio of B04 to B03 was estimated by the

i)ernkinaEand is given in Appendix B. ~ne following

‘D
were calculated from equation 13.

method of

values of

TABLE 4: INDEX OF REFRACTION FOR SRP lL{ASTEGLASSES

TYPE 9F \+A.STE 1 INDEX OF REFRACTION AT a = 486o ~

cm~POsiTE TDS-3A 1.652

HIGH - Fe 1.6971

HIGH - Al 1.377

+ See note on nD
in section on calc~letion of Kra6 for sig-

nificance of ~~:avelength.

“f
\
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Thermal Conductivity

The thermal conductivity of a substance

neat transferred through a substance “oy

defined ‘OYFourier’s law’:

Q = kVT

where

3PST-?O–724

is a measure of the

conduction, and 2S

(14)

q = heat flux (tjpically ETU/hr ftz)

k = therm,al conductivity - BTU/ hr ft2 OY/ft

VT = gradient of the temperature field (Of/ft)

l.~f1e k is defi~.ed in terT.S,t___ of heat transfer by conduction,

it is common practice to represent heat transferred by radia-.-.
tion in terms of z “radiant conductivity”. KraC. Thus: the

effective thermal conductivity is given by:

Keff
= Krad + Ktrum (15)

Tooleyg states that for opticallj’ thick glass (ie. radiant

transmission is small).

K
16ur,2T3

rad = ~z

Stephan-Boltzman constant

%n~ex of ~e?raction*

absolute temperature

absorption coefficient . l/~

mezn free Sath

16)

::2s av2ila’ole. The varlztion of q ~.iith
amo-tintof e?ror
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Data is avtil~le for F as a

erature. ‘0 Jenkins” fit

F= Gt2+Ht+Jt

f’unctioinof FeZOS.concentrationand te~

the temperature data to the equation.

(17)

I!here:

t = temperature, ‘c

C, H, and J = Constants for a given FeZOj concentration.

G, H, & J v;ere plotted against 2 Fe20a (See .kppendix A for graphs).

The values for SR? w’aste glass are summarized in Table 5.

TABLE 5

‘iYPE OF WASTE G H J
—

COIJPOSITETDS-3A -2.350 E-7 6.550 E-4 -0.3325

HIGH 130N -2.09 E-7 5.83 E-4 -!).300

HIGH - Al -4.75 E-7 13.09 E-4 -0.687

K = 1?90.2 o q2 (t + 273.15)3 F U(F)Tad

1:-,ere
CAL

u = 1.356 X 10-2
cm2sec1Kq

t = temperature, ‘C
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~. f(t) (Eqn. 17)

U(F) = Unit step function

U = O for F s 0.0

U = 1 for F > 0.0

K = BTU/hr Ct2 OF/ft~ad

Results are given in Table 7.

The true the~mal conductivity is estimated in the fol-

lowing manner.

n

Kt~ue = 241.5 .Z~=1 aiXi
(18)

n
E xi

~=1

ai
= factor for ith oxide.

xi = v:e~ght ?raction OY ith oxice

. . n = nuinber of components For ~~h,ichfzcto~s ere
available.

Values of ai are listed in Appendix A for O°C and 100°C. Ktrue

was calculated at these teinperat~uresand is listed below’.

TABLE 6

TYPE OF l(!ASTE Ktrue @ O“c
I ‘true Q 1000c ~

CO;iPOSITETDS-3.A o.k893 o.5616

H12H - Fe o.b670 0.5479

HIGH - Al 0.5389 0.5655
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It was assumed that Ktrue is a linear function of temperature,

since only tw’o points are available.

o K
K
true ‘t) = ‘t (o°C) + ( ’100

- ‘to
00

100-O” C
)t (19)

Equations 16 and 19 are then combined to give Kerf. ~ne results

are listed in Table 7 and plotted in figures 5–7. l~ote the

change in functionality at = 700°C when F becomes positive

and radiation becomes 2 factor.

Conclusions

Due mainly to the lack of empirical coefficients for all of

the glass components, the accuracy of mzny o? the m?thods used

herein is questionable. k~ile this is unfortur,ate, no better
,..—..

d~ta will be available until at least August of 1981, when a

study oi- the high temperature glass properties is completed
~ ‘DjlDr. L. D. Pye of ).ifred University. Until then, care sho’~ld

be taken to Include a sufficiently large safety factor ‘when

using these data for design p>urposes.

..

J?M :Chw
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1

b

BTU/hr ft20?/~t

COMPOSITE l!ASTE

.,
h rad

o

0

0

0

0

0

0

3.5 E-3

--

11~3 ~_~

2.45 z–l

5.20 E-1

3.’73z-l

9.72 E-1

1.o8

1.18

1.30

1.Q1

1.53

1.55

1.78

Keff

0.4893

0.5616

0.6339

e.7062

0.7735
o.~508

0.9231

0.9737’

1.0105

I.oQ&

1.313

1.560

2.085

~.zo~

2.33

2.k5

2.58

2.71

2.85
7 OQ
-.,,

3.14

I

HIGH-Fe

K
““rad i ~eff

o 0.Q670

o 0.5479

0 0.6288

0 0.7097

0 0.7906

0 0.8715

0 ! 0.9524

.L._

5.70 E-3

2.64 E-2

2.03 E-1

Q.5~ E_l

7.69 E_l

8.60 E–1

9.54 E-1

1.05

1.lJ

~.27

1.37

1..48

l.~g

1.009

1.026

1.060

1.317
1.6&~

2.0k5

2.156

2.270
;.39

2.51

2.64

2.77

2.90

3.03

HIGH-.41

K
rad

o

0

0

0

0

0

0

0

0

1.62 E-3

3.02 E-1

7.47 E-1

1.32

1.48

1.65

1.83

2.’0]

2.19

2.38

2.58

2.78

Kcff

0.538?

C.5555

0.5921

0.6187
0.5453

0.6719

9.5383

0.7171

0.7211”

0.7251

1.054

1.525

2.12

? 79----

2.47

2.65
2.8Q

3.03

3.2?

3.03

~.64
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APPENDIX .k

Factors for Heat Capac’ity

Factors for Index of Refraction

Coefficients for ~lean Free Patfi

pac~ors for Tr.~e ~nermal Cond,actl\Ftty

Page 1

?age 2

Page 3

Page 7
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FACTORS FOR USE 11’JTHE HE.AT CAPACITY EQU4.TIONS

.-

.

{

OXIDE ai Ci

7k8)

Si02 4.58 ~_ 4 0.1657

B20~ 5.98 ~_4 0.1935

l{azO 8.29 E-4 0.2229

Li20 * 1.24 5-3 0.~792

Cao 4.10 E-4 0.1709

itgo S.lk E-4 0.2142

Tioz +* -— .-

Laz03 ** —- -—
-.

ZY02 +* —- -—

Fezoj * 5.kO E-4 0.1374

!.!n02 * 3.60 ~_ Q 0.138Q

Zeci2$e ‘* -- --

A120~ ti.53 ~. 4 0.1765

NiO *+ --

lia2SOq ** -- --

—

* lralues estimated from comparison l~rithanot”ner empirical
aethod.



F.ACTORS USED IN EQUATION 13 TO CALCULATE THE I1{DZX OF REFRACTION.

I

0.2083

0.2i50

0.2530

C.1941

o.~080

See beio”,:

0.2100

0.3130

0.1460
——

o.3920

——

0.2038
--

--

Ri x 102

3.33

4.3079

4.3079

1.6131

3.3470

1.7832

2.Q2

2.5022

0.9207
--

1-. 8765

—-

2.9$29

--

--
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